Intense domestic physical activity (IDPA) is promoted by preventive health campaigns, but this recommendation is not supported by evidence. The authors used data from the 1995, 1998, and 2003 Scottish Health Survey samples and the associated mortality and hospital episode records to determine the independent effects of IDPA on cardiovascular disease (CVD) events and all-cause mortality. The sample comprised 13,726 (6,102 men) CVDfree respondents (35 years). Multivariable survival analysis assessed the relation between IDPA and the risk for CVD (fatal/nonfatal combined) or all-cause mortality. During 8.4 (standard deviation, 3.4) years of follow-up, there were 1,103 deaths (573 among men) and 890 CVD events (521 among men). Participation in IDPA was associated with lower all-cause mortality (men: relative risk ¼ 0.68, 95% confidence interval: 0.50, 0.91; women: relative risk ¼ 0.70, 95% confidence interval: 0.52, 0.93). In both sexes, IDPA was unrelated to the risk for CVD. Total physical activity (including IDPA) was unrelated to fatal/nonfatal CVD, but when domestic activity was excluded from the calculations there was an association (men: relative risk ¼ 0.76, 95% confidence interval: 0.58, 0.98; women: relative risk ¼ 0.68, 95% confidence interval: 0.50, 0.93). These results indicate that IDPA may not offer protection against CVD, but it may protect against all-cause mortality. CVD preventive efforts may need to focus on moderate-to-vigorous-intensity physical activities other than those performed in and around the household.
Scotland has by far the highest rate of heart diseaserelated deaths in the United Kingdom and one of the highest rates of coronary heart disease events in the world (1) . There is indisputable evidence that regular physical activity protects against chronic disease and premature death and, in particular, against cardiovascular disease (CVD) (2) . Current physical activity recommendations advocate the accumulation of at least 30 minutes of moderate-to-vigorous physical activity on at least 5 days a week (3) (4) (5) . One of the key messages is that activities performed during daily living (e.g., walking or cycling, stair climbing, gardening, intense housework) may be sufficient to prevent chronic disease and premature death. Although the evidence on the health benefits of walking, cycling, or stair climbing is compelling (6) (7) (8) (9) (10) (11) (12) (13) , the degree of protection that intense domestic physical activity (IDPA) confers is much less clear.
In agreement with previous cross-sectional observations (10, 14) , our findings recently showed (9) that IDPA does not relate independently to known CVD risk factors. Few prospective studies (6, 7, (15) (16) (17) have considered domestic activity in relation to mortality or CVD risk, but the evidence as a whole is inconclusive because domestic activity is analyzed as part of overall lifestyle activity, making it difficult to disentangle its independent effects. Despite this paucity of evidence, United Kingdom (3) and US (4) public health recommendations made repeated references to participation in IDPA as a means of acquiring the required amounts of physical activity to prevent CVD. This is in line with other primary care (18) and public health (19) recommendations that encouraged engagement in IDPA to achieve health benefits. IDPA is highly prevalent in Britain (9, 14) , and its exclusion reduces the percentage of adults meeting the current physical activity recommendations by approximately 30% (9) . In addition to a lack of robust epidemiologic evidence supporting a cardioprotective effect of IDPA, there is physiologic support that cardioprotective physical activity should be characterized by the use of large muscle groups utilized in a rhythmic or dynamic nature (20) . IDPA, by contrast, usually utilizes smaller upper body muscles and may be more intermittent and less rhythmic.
It is important that this literature gap be addressed, because participation in IDPA may prevent participation in other, potentially more health-enhancing physical activity as the result of time constraints and individuals' believing the health-promoting messages that this is sufficient activity for health enhancement.
The aim of this study was therefore to examine the independent effects of IDPA on all-cause mortality CVD events.
MATERIALS AND METHODS

Study population
The Scottish Health Survey consists of cross-sectional general population-based surveys among individuals living in households in Scotland. The 1995, 1998, and 2003 Scottish Health Survey samples included in this analysis were selected by using a multistage stratified probability sampling design to give a representative sample of the target population. Further details on sample design and selection can be found elsewhere (21) . Ethics approval had been granted by the Local Research Ethics Councils. Scottish Health Survey data were collected approximately evenly throughout the year. Adult response rates (percentage of those eligible) were 81% in 1995, 77% in 1998, and 83% in 2003. Data were collected by survey interviewers during household visits. This study considered 16,144 respondents (7,211 male), representing approximately 92% of the respondents in each survey year who consented to their records being linked to National Health Service administrative data. Included age ranges at baseline were 35-64 years from the 1995 survey, 35-74 years in 1998, and over 35 years in 2003. The surveys were linked to the patient-based database of hospital episodes and deaths up to December 2007. Hospital episodes data were available from 1980 onward. We considered hospital episodes with a principal diagnosis of CVD. Diagnoses for primary cause of death were recorded according to the International Classification of Diseases, Ninth Revision and Tenth Revision, with CVD codes 390-459 from the Ninth Revision and I01-I99 from the Tenth Revision. All analyses excluded respondents who had CVD hospital episodes between 1981 and the baseline measurement to minimize the possibility that changes in physical activity following the episode and diagnosis would obscure the true association between physical activity and risk for CVD events or death. The all-cause mortality analysis excluded respondents with a cancer registration prior to the measurement for the same reason. Of the 16,144 participants who completed the physical activity interview, 1,735 respondents had missing covariables, 198 had missing physical activity values, and 726 (485 men, 241 women) had CVD at baseline and were excluded from analyses. The resulting 13,726 individuals comprised the core data set (6,102 men, 7,624 women). From this data set, for the analyses with all-cause mortality, we excluded 456 respondents (181 men, 275 women) because they had been diagnosed with cancer prior to baseline assessment. This resulted in 13,221 individuals (5,896 men, 7,325 women) being included in the all-cause mortality analyses. For the analyses with CVD as the outcome, we excluded (from the core data set) 132 respondents with a fatal or nonfatal CVD event during the first year of follow-up (68 men, 64 women), resulting in 13,594 individuals (6,033 men, 7,561 women) being included in the CVD analyses.
For the 8.4 (standard deviation, 3.4) years of average follow-up, there were 114,838 person-years at risk. In the core sample, there were 573 any-cause deaths among men (184 due to CVD causes), 530 any-cause deaths among women (143 due to CVD), and a total of 890 CVD fatal/ nonfatal events (521 in men, 369 in women). After all the exclusions described above, 944 (499 in men, 445 in women) deaths occurred in the sample entered in the allcause mortality analysis, and 794 CVD events (468 in men, 326 in women) occurred in the CVD analysis sample.
Physical activity
In 1998 and 2003, the physical activity questions included frequency (number of days in the last 4 weeks) and duration (minutes per day) of participation in heavy housework (e.g., scrubbing floors, cleaning windows), heavy ''do-it-yourself'' activities/gardening (e.g., sweeping leaves, digging, building work), walking for any purpose, and any leisure-time sports and exercises (e.g., cycling, swimming, aerobics, calisthenics, gym, dancing, football or rugby, racket sports). The 1995 physical activity questions inquired about the duration and frequency of physical activity during an average week. The 1995 questions covered the same physical activity domains as in 1998 and 2003, but duration and frequency were reported as close-ended 5-point categorical variables ranging from no participation to 6-7 times a week (frequency) and from no time to 2 hours or longer for duration. To make the data from 1998-2003 and 1995 compatible, we converted the 1995 categorical frequency and duration responses to continuous variables by taking the midpoint of each category. For example, ''2-3 times a week'' was set to 2.5 times, and ''20 minutes, less than 30 minutes'' was set to 25 minutes. We also divided the 1998-2003 frequency and duration responses by 4 to elicit average weekly sessions. The 1995 questions inquired about the usual breathing rate of walking (normal, faster than normal, gasping for breath), while walking intensity in 1998-2003 was measured by a question on walking pace (slow, steady average, fairly brisk, fast). Those 2 questions elicited very different prevalences in each category and made it impossible for us to standardize across both assessments (i.e., 11% included in the highest 2 categories-breathing faster than normal or gasping for breath-of the first assessment and 31% included in the highest 2 categories of the second measurement); for this reason, we included all walking in our analyses, regardless of perceived intensity.
The criterion validity of the physical activity questions used in 1998 and 2003 is supported by a recent study on 106 general population English adults (45 men), where the output of accelerometers (worn for 2 nonconsecutive weeks over a 1-month period) was compared against a slightly modified version of the above questions (22) . The questionnaire appeared to be a valid measure of the time spent in moderate-to-vigorous physical activity, with intraclass correlation coefficients of 0.47 in men (P ¼ 0.03) and 0.43 in women (P ¼ 0.02). In terms of test-retest reliability, the coefficients of time spent in moderate-to-vigorous physical activity were 0.89 in men (P < 0.001) and 0.76 in women (P < 0.001). Additionally, these physical activity measures have demonstrated excellent convergent validity in grading a plethora of biochemical and physiologic CVD risk factors by nondomestic physical activity types, such as walking and sports (9) .
Anthropometry and other factors
Height and weight were measured by trained interviewers using standard protocols (22) .
Additional questions assessed respondents' socialoccupational class, health status, marital status, smoking, parental cause of death, and alcohol consumption.
Variable handling and statistical analysis
The study outcomes were all-cause mortality and CVD incidence (CVD death or hospital episode). Exposure variables were the total and type-specific participation in physical activity: 1) IDPA was the key exposure variable of interest, comprising heavy housework and heavy gardening/do-it-yourself activities combined; 2) walking for any purpose; and 3) sports and exercise. Physical activity variables were frequency based and were expressed as the number of weekly episodes lasting for at least 20 continuous minutes. Physical activity types were converted into 3 categories: The bottom category was no participation (0 episodes), while the remaining 2 categories were defined by the sex-specific median of weekly number of activity episodes (equal to or below the median (middle category) and over the median (highest category)). When we computed the total physical activity frequency score, there were very few participants with 0 episodes, and therefore the total physical activity frequency score was converted into sex-specific tertiles of weekly activity episodes. Covariables that were entered into the multivariable models were other physical activity types, age, body mass index (weight (kg)/height (m)
2 ) category (18.5, >18.5-25, >25-30, >30-35, >35-40, and >40), social-occupational class using the Registrar General classification (I/II, III nonmanual, III manual, IV/V), longstanding illness (yes/no), marital status (single/ never married, married, separated/divorced, and windowed), smoking status (never smoked, former smoker, current smoker), parental cause of death (cardiovascular, diabetes, other), alcohol consumption (number of units consumed in the last 7 days), and survey year.
All analyses were carried out in the autumn of 2008 and were sex specific. For individuals who survived and remained CVD free, data were censored to December 2007. The Cox proportional hazards model was used with months as the timescale to estimate the risk of death from any cause or the risk of CVD incident (CVD hospital episode or CVD death) by levels of each physical activity type or total physical activity. The proportional hazards assumption was examined by comparing the cumulative hazard plots grouped on exposure, although no appreciable violations were noted. Test for linear trend was obtained by entering the categorical variables as continuous parameters in the models. We tested a linear trend because our a priori hypothesis was that, if associations between physical activity and our outcomes existed, there would be a dose response of greater benefit with a greater amount of activity. However, where there appeared to be associations that did not follow this trend (e.g., a similar magnitude of association in the middle and highest categories), we compared a model with 2 indicator variables (a model that does not assume a linear trend) with one having the 3 categories entered as a score, using a likelihood ratio test. We used chi-squares to examine the univariable relations of the confounders with the exposure and outcome variables. We tabulated results for age-adjusted, semi-adjusted (age, social-occupational class, marital status), and fully adjusted models (all covariables including mutual adjustments for other activity types). To minimize the chances of reduced physical activity due to prediagnosed/prodromal illness, we excluded respondents who died (all-cause mortality analyses) or had a CVD event (CVD analyses) during the first year of follow-up (as well as excluding from all analyses those with established CVD at baseline). For the same reason, we also excluded respondents with a cancer registration prior to baseline from the all-cause mortality analyses.
Analyses were performed by using SPSS, version 14, software (SPSS, Inc., Chicago, Illinois), and all tests of statistical significance were based on 2-sided probability.
RESULTS
In the core sample, 42.9% of men and 39.8% of women reported participation in IDPA for over 20 minutes per session. Among participators, the mean weekly number of IDPA sessions was 2.3 (standard deviation, 2.2) for men and 2.4 (standard deviation, 2.2) for women. IDPA accounted for 20.1% and 21.2% of men's and women's total physical activity sessions, respectively. Table 1 shows the associations of total physical activity (all types including IDPA) with covariables. Participants in the highest tertile of total physical activity were more likely to be young and from the manual social-occupational class; less likely to have a parent who died of CVD, to have never been smokers, to have a lower body mass index, and to have a lower all-cause mortality and CVD incidence; and to be more likely to be married (women only), less likely to have longstanding illness, and more likely to report good or very good health. Tables 2 and 3 show the relations between each physical activity type and all-cause mortality risk. Although there was no evidence of a dose-response relation, both men and women who reported doing IDPA (whether above or below the median for women, only below the median for men) had reduced risk of death during the follow-up period compared with those who reported doing no IDPA.
The association of any walking with all-cause mortality was weak in both sexes. Among men, sports and total physical activity were inversely associated with risk for all-cause death, but adjustments for covariables attenuated these associations to the null. This was not the case among women, where the associations of sporting activity and total physical activity (including/excluding IDPA) were attenuated with adjustment for potential confounders, but important associations remained. All physical activity types and total activity remained inversely associated with all-cause mortality in women. In women's models, the magnitude of the point estimates for the top tertile of total physical activity excluding IDPA was stronger than that for the respective point estimate of the score including IDPA.
Intense domestic physical activity and cardiovascular disease events Tables 4 and 5 show the relations between each physical activity type and CVD risk. The modest inverse association of IDPA with CVD in men attenuated to the null with adjustment for covariables. The inverse association of walking with CVD in women attenuated to the null with adjustment for covariables, although no associations were evident in men. After multivariate adjustments, sports had some limited protective effect in men and less effect in women, where the association was considerably attenuated. Total physical activity (including IDPA) was modestly inversely associated with CVD, but this attenuated to the null with adjustment for covariables. Excluding IDPA from the total number of physical activity sessions resulted in a stronger association with CVD that remained after adjustment for covariables for both men and women (Tables 4 and 5) .
DISCUSSION
There is a paucity of data examining the independent health benefits of IDPA. In this study, IDPA appeared to be independently associated with decreased risk for all-cause mortality in a representative sample of adults living in Scotland. An English study of approximately 15,000 adults (23) also found a protective effect of domestic activity on allcause mortality. This suggests that, regardless of its cardioprotective qualities, IDPA may play an important role in preventing premature death, perhaps through better general health and through the prevention of other conditions, such as cancer. Household activity has been found to confer the strongest of all activity types and protection from breast and endometrial cancer in 2 recent reports (24, 25) that utilized large samples (n ¼ >215,000) of European women. We found that IDPA was largely unrelated to the risk for CVD events and that including IDPA weakened the relations between total activity and such events. The few crosssectional studies (7, 9, 14) that investigated the relation between CVD risk factors and IDPA are in concordance with these results. Two studies that looked at the independent effects of IDPA on CVD mortality (23, 26) contradict our results in that activities such as gardening and repair work (26) or ''home activity'' (23) showed protective effects against cardiovascular mortality among samples of men from rural Finland and men and women from rural England, respectively. For comparison with both of these studies (23, 26 ) that examined fatal CVD events only, we carried out an alternative analysis by CVD event type (fatal vs. nonfatal). The results offered some indication of an effect of IDPA on fatal but not on nonfatal CVD events, but we did not have sufficient power to examine this question in full. Further, gardening in rural Finland and IDPA in rural England may be more intense than IDPA in primarily urban (>65%) Scotland. That is, the components of IDPA in rural environments may involve more intense gardening and outdoor do-it-yourself activities, such as digging, building work, chopping wood, and less indoor housework, such as cleaning windows and doing the laundry, which are of lower intensity. It could be that IDPA needs to be more closely defined; for example, intense gardening may be related to a reduced risk for CVD, but intense housework may not. In an alternative analysis that we carried out, neither of the individual components of IDPA was related to CVD events. Our definition of IDPAwas very different from ''home activity'' in the English study (23) . For example, this study included stair climbing, an activity with cardioprotective qualities (11) . Stair climbing was not part of IDPA in our study. The finding that, once the authors excluded stair climbing and digging, the associations between home activity and mortality disappeared (23) adds plausibility to the above explanations.
IDPA is cited in public health recommendations (3-5) because of estimates that the energy cost is equivalent to moderate-intensity activity of 3.0-6.0 metabolic equivalents, which is the minimum intensity required to achieve a health benefit (20) . Most types of IDPA are classified as moderate intensity (9) and are expected to have health benefits equal to other moderate-intensity activity, such as walking and cycling. While these latter types are characterized by the use of large muscle groups utilized in a rhythmic and dynamic nature (20) , many housework activities (e.g., cleaning windows, vacuum cleaning) are performed in a restricted household space and utilize smaller upper body (27) or are intermittent, less rhythmic, and often nonlocomotor, and this may partly explain the lack of an apparent protective effect on CVD. Another possible explanation is that the Scottish Health Survey questions capture light-intensity domestic activity as well as heavy intensity, diluting the true relations between exposure and outcome. If frequency alone is an inadequate indicator and total volume (the sum of the frequency and duration) of activity is what confers protection against future disease, our reporting of physical activity in terms of the frequency of 20-minute episodes might have led to misclassification. We reanalyzed the Scottish Health Survey 1998 and 2003 samples, where detailed duration information was available. The mean duration of intense domestic physical activity sessions was longer (71 (standard deviation, 83) minutes) than that of walking (52 (standard deviation, 48) minutes) (P < 0.001). Sports session durations varied by sport type but in general were considerably shorter than IDPA. Consequently, although our analysis utilized frequency but not duration of activity sessions, it is unlikely that this introduced a bias. Despite these measurement limitations, it remains a possibility that IDPAs are not of a sufficient intensity to be cardioprotective and may not represent a moderate intensity. We restricted the analysis to those aged over 60 years, for whom IDPA might represent a higher relative intensity but results were also nonsignificant.
In a recent meta-analysis (28) , walking was associated with a 31% reduction in CVD risk, although we did not find Given that a brisk walking pace is associated with greater risk reduction, it is likely that slow/moderate paced walking is not of sufficient intensity to elicit benefit, and this may be responsible for the aforementioned lack of relations.
The strengths of this study include the large, representative, and heterogeneous sample of the Scottish population and the availability of many potential confounders. The availability of a ''hard'' outcome such as clinically confirmed hospital episodes and the subsequent exclusion of existing CVD and cancer cases minimized the risk of reverse causality.
Our study has certain limitations. Self-reported physical activity measures have inherently large measurement error (29) . If there was reporting bias and participants selectively overreported IDPA, then the true effect of IDPA on CVD risk would be underestimated. We included only nonoccupational physical activity. Although we adjusted for occupational-derived social class, it remains a possibility that occupational activity levels may have influenced our results. Because the Scottish population has a very high rate of coronary heart disease (1), we also acknowledge that there may be unmeasured confounders, such as diet. We would anticipate that diet has a similar confounding effect with each activity type and so would not affect our main aim. Physical activity was assessed only at baseline, and this may have affected the precision of our estimates because physical activity levels decrease with age (30) . There are indications that such decreases may dilute the relations between mortality and physical activity up to 60% (31).
In conclusion, IDPA seems to offer some protection against all-cause mortality, but its cardioprotective benefits are questionable. IDPA participation for CVD prevention is widely promoted, and this may displace other more cardiovascular health-enhancing physical activity because of time constraints. Although our study supports the promotion of IDPA for general health benefits, it might be sensible for practitioners and clinicians specializing in CVD prevention to encourage individuals to adhere to the current physical activity recommendations, mainly by means of continuous and rhythmic forms (20) of moderate-to-vigorous physical activity. Further large prospective studies are required to establish the specific health benefits of each type of physical activity so that primary care, clinical, and public health physical activity recommendations are based on solid evidence.
